Purpose: Scienti®c model systems for physiological evaluation and investigation of pathophysiologies in clitoral function have been limited. The aim was to develop a New Zealand White rabbit clitoral corpus cavernosum smooth muscle cell culture. Methods: Clitoral corpus cavernosum erectile tissue was harvested and placed in culture. Clitoral smooth muscle cells which migrated out from explants were grown to con¯uence and subcultured. Characterizations were performed by morphological and biochemical analyses. Conclusions: An in-vitro cell culture system using rabbit clitoral smooth muscle cells was developed. These smooth muscle cells retain their biochemical and functional integrity. This in-vitro cell culture system may facilitate studies aimed at understanding the molecular basis of female sexual function.
Introduction
There has been limited investigation of female genital physiology, especially relating to the physiological mechanisms of clitoral and vaginal hemodynamics. 1 We recently reported on an in vivo balloon deendothelialization atherosclerotic New Zealand White female rabbit model to gain an insight into physiologic and pathophysiologic understanding of the hemodynamic basis of vaginal and clitoral function. 2 A reproducible, viable, in vitro animal smooth muscle cell culture system was necessary to better understand the cellular and molecular physiologic mechanisms of female clitoral physiology. Speci®-cally, we wanted to develop a system for further investigations of receptor-mediated signal transduction mechanisms involved in clitoral smooth muscle contractility, pharmacological interactions, and clitoral connective tissue metabolism. The aim of this study was to establish such a system and characterize, for the ®rst time, a New Zealand White rabbit clitoral corporal smooth muscle cell culture model.
We hoped that the development of new in vivo and in vitro animal and human model systems will pave the way for future urologic investigations in this ®eld.
Materials and methods

Materials
We utilized monoclonal antibody against a-smooth muscle actin (Boehringer Mannheim, Indianapolis, Indiana),¯uorescein-labeled goat anti-mouse or antirabbit IgG (Boehringer Mannheim, Indianapolis, Indiana), rhodamine-phalloidin (Molecular Probes, Eugene Oregon), human factor VIII, estrogen and androgen receptors (Dako, Copenhagen Denmark), mibolerone [7a,17a-dimethyl- 
Tissue preparation
This study was approved by the institutional animal review committee. New Zealand White female rabbits (2±3.5 kg, n 5) were sacri®ced using an overdose of intravenous sodium pentobarbital. The clitoris was excised from surrounding external genitalia and placed in chilled Krebs solution. The clitoral tunica albuginea surrounding each corpus cavernosum was carefully incised under magni®cation. The underlying corporal erectile tissue was sharply dissected from the tunica, minced into 1 mm segments, washed in Hank's balanced salt solution without calcium and magnesium and transferred into Costar 6 well clusters (35 mm) in Dulbecco's minimal essential media, containing 1000 mg glucose/liter, 10% fetal calf serum (Summit Biotechnology, Greeley, Colorado), 25 U/ml penicillin, 250 U/ml streptomycin, 25 U/ml nystatin and 2 mM glutamine. All other tissue culture supplies were obtained from Life Sciences, Inc., Grand Island, New York.
Culturing of smooth muscle cells from tissue explants
Smooth muscle cells migrated out from the explants in 7±14 d. After removing the explants, the cells were grown to con¯uence and subcultured at a density of 2 6 10 4 cells/cm 2 . Smooth muscle cells were utilized for experimentation between passage 1±4.
Characterization of smooth muscle cells
Smooth muscle cells were characterized by morphological appearance, growth characteristics, and expression of speci®c cellular markers.
Expression of a-smooth muscle cell actin
We utilized two independent approaches, namely speci®c a-smooth muscle cell actin and rhodaminephalloidin to detect the presence of ®lamentous asmooth muscle cell actin.
Immunocytochemical staining for a-smooth muscle cell actin with speci®c antibodies was carried out as follows. Cells were plated on chamber slides, ®xed in 3.7% formaldehyde-phosphate buffered saline for 10 min and permeabilized with phosphate-buffered saline, 3% Triton X-100. Cells were stained with the monoclonal antibody against asmooth muscle cell actin, washed, and incubated with¯uorescein-labeled goat anti-mouse or antirabbit IgG. Goat anti-rabbit or goat anti-mouse IgG alone was used as control. Positive staining was determined by microscope examination.
Staining for ®lamentous actin was carried out in a similar manner with rhodamine-phalloidin.
Expression of cellular markers
Expression of other speci®c antigens was carried out as described above. Antibodies against human factor VIII were used to assess the presence or absence of endothelial cells. Similarly, antibodies against TGFb 1 were used to identify the expression of this antigen. The expression of estrogen and androgen receptors were examined by immunocytochemistry.
Androgen receptor binding studies
Radioligand binding studies were used to detect androgen receptors in the smooth muscle cells. C to allow exchange of the endogenous and labelled ligand with the tritiated ligand. At the end of the incubation, the hydroxlapatite resin was washed three times by resuspension in buffer and centrifugation. The bound radioactivity was extracted with 95% ethanol. The ethanol extract was then counted for radioactivity using 4 ml liquiscint and 8 ml beta¯uor. 
Results
Growth and morphology
Clitoral corporal smooth muscle cells exhibited typical smooth muscle morphological characteristics. Figure 4 . There was no staining with the antibodies against the speci®c endothelial cell marker, factor VIII. 6 
Expression of cellular markers
Speci®c staining for estrogen and androgen receptors as well as TGF-b immunoreactivity in the rabbit clitoral smooth muscle cells was demonstrated using appropriate antibodies (Figure 4 ). Negative control images using goat anti-rabbit or goat antimouse IgG alone were obtained ( Figure 5 ).
Androgen receptor binding studies
Rabbit clitoral smooth muscle cell extract bound [ 3 H] mibolerone. This binding was displaced with non-radioactive mibolerone suggesting presence of speci®c androgen binding sites in cellular extracts ( Figure 6 ).
Chemical af®nity labeling of TGF-b receptors
As shown in Figure 7 , chemical af®nity labeling showed a speci®c 69 kDa protein band representing the high-af®nity, type I TGF-b receptor. Similarly, a 
Discussion
A review of the female clitoral function literature reveals a paucity of information concerning organic pathophysiologies. The goal of this study was to obtain preliminary data concerning the development and characterization of an in vitro animal clitoral cell culture model to initiate studies of molecular mechanisms in clitoral erectile physiology.
We elected to use New Zealand White rabbit clitoral corporal erectile tissue for the following reasons. Firstly, we have reported an in vivo New Zealand White rabbit model for investigation of hemodynamic parameters in nerve stimulated vaginal engorgement and clitoral erection. Following vaginal/clitoral nerve stimulation, mean vaginal blood¯ow, vaginal wall pressure and vaginal length rose from 5.9 AE 2.6±13.9 AE 4.5 ml/min/100 mg tissue, 2.8 AE 2.3±5.5 AE 2.6 mmHg and 64.6 AE 9.2±74.1 AE 10.0 mm, respectively. In addition, mean clitoral intracavernosal blood¯ow and intracavernosal pressure increased from 2.04 AE 0.8±4.02 AE 1.5 ml/min/ 100 gm tissue and 6.3 AE 3.4±9.7 AE 3.7 mmHg, respectively. Secondly, we have already characterized a male New Zealand White rabbit corpus cavernosum smooth muscle cell culture which has similar characteristics to the male human corpus cavernosum smooth muscle cell culture. Thirdly, we have Development and characterization of rabbit clitoral smooth muscle cell structure H Sadeghi-Nejad et al observed in organ bath studies comparable molecular mechanisms involved in corporal smooth muscle contractility between the male New Zealand White rabbit corporal tissue and those involved from the male human. Finally, during penile prosthesis surgery, human penile corpus cavernosum tissue is widely available for experimental purposes with appropriate institutional consent. Since there is no comparable prosthetic surgery in human clitoral corpus cavernosum tissue, the rabbit smooth muscle cell culture is a practical alternative as a source of clitoral specimen. We have noted that the female New Zealand White rabbit clitoral smooth muscle cell culture retains morphologic characteristics consistent with vascular smooth muscle. Rabbit clitoral smooth muscle cells maintain structural and functional integrity as assessed by the expression of a-smooth muscle actin, androgen and TGF-b receptors. The increased expression of TGF-b type II receptor compared to the type I receptor is also indicative of a smooth muscle phenotype in culture. 9 The expression of TGF-b receptors and the synthesis of TGF-b immunoreactive protein by clitoral cells suggests that this cytokine may have a functional role in clitoral physiology. It is premature to speculate on the functional signi®cance. In human corpus cavernosum smooth muscle cells, TGF-b 1 mRNA and protein are expressed, TGF-b 1 induced ®brillar collagen synthesis, as well as its own synthesis and its receptors. 10, 11 These observations, as well as the demonstration of a critical ratio of smooth muscle to connective tissue in the corpus cavernosum for successful veno-occlusion, implicate TGF-b 1 in the role of penile corporal ®brosis. 12±15 It remains unknown if similar pathophysiology exists in female sexual dysfunction, although future studies with this model system are planned to investigate collagen biosynthesis in clitoral corpora cavernosa.
The observation that both estrogen and androgen receptors are expressed in the clitoral smooth muscle cells suggests that the clitoris is an endocrine target for these sex hormones. It is well known that estrogen hormones are critical in the growth, development and maintenance of female secondary sexual characteristics. Androgens have also been implicated in smooth muscle cell function. The exact role of these receptors in clitoris smooth muscle needs to be determined.
Conclusions
This study focused on the development and characterization of the New Zealand White rabbit clitoral cell culture model. The tissue culture model presently described provides an experimental system which permits repeated sampling from a homogenous and consistent culture, thus minimizing experimental variables. In addition, this cell culture model will allow investigation of: (1) receptor mediated signal transduction pathways; (2) connective tissue remodeling; and (3) assessment of pharmacologic interactions with speci®c cellular receptors or proteins. It is hoped that with the availability of new in vivo and in vitro models and further investigations, knowledge and information will emerge to allow better understanding of female genital physiology.
